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Abstract 
Production technology in modern car body assembling is affected by highly automated and complex facilities. However, in mounting car body 
assemblies adjustments are al-ways necessary to react on process instabilities. Today these adjustments are made according to experience and 
with a high content of manual operation. 
On CATS 2014 a new approach was shown that analysis the deformation energy of the input parts. Based on this a mathematical model was 
recommended. This model is able to calculate adjustment ways also for high-graded over-determined fixtures of instable sheet metal parts in 
times below one second. For the first time ever the basics for a fully automated quality process in car body assembling are shown. The paper 
2014 described the approach in a theoretical way. This paper will discuss the verification and performance of the approach. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Problem definition and motivation 
1.1. Starting position 
Car body construction is one core competence for any au-
tomotive manufacturer. The car body conveys the visible, 
external quality characteristics (gap dimensions, surface ap-
pearance, etc.). The level of complexity required to ensure 
quality in the car body is high. 
In 2014 more than 77 million cars, and therefore just as 
many car bodies, were produced worldwide. [1] Projections 
indicate an increase in production quantity in the coming 
years. [2.3] To manage the high quantities in large-volume 
production, car body construction is highly automated. 
One area that is still not automated is so-called shimming. 
Shimming, within the context of quality control, means influ-
encing the quality of car body assemblies, whereby the posi-
tion of the clamping points of the fixture are altered in a tar-
geted manner. It is used in fixtures with single clamping 
point, as is typical in the case of resistance spot-welding for 
example.  
This involves small changes of position, by distances rang-
ing from tenths of a millimetre to a few millimetres. [4] With 
this procedure it is possible to react to the influences of input 
components, but also those of the car body construction pro-
cess itself. The fixtures used in car body construction feature a 
very rigid design and work with clamping forces in and 
around the kilonewton mark. As a result, the components of 
the assembly can be held securely in the fixture position. In 
this position they are joined. Their exact position in the as-
sembly is fixed from this moment on. The goal is that once 
the clamp is opened, the joined assembly springs back into the 
desired shape. 
The shimming process essentially consists of two elements. 
First of all a decision must be reached regarding the shimming 
measures – which clamping point must be adjusted to suit 
which shim dimension. Nowadays this takes place on the 
basis of an evaluation of the already joined assemblies and 
their deviation from the target geometry. The responsible 
plant manager makes the decision based on his empirical data. 
There are no known calculation guidelines in this regard. The 
second element is the implementation of the shimming 
measures on the fixture. In conventional car body construc-
tion, this entails the use of shims. For this, the clamp is un-
screwed and shims are removed or inserted in keeping with 
the desired shim dimen-
sion. The clamp is then 
screwed tight again. This 
way the clamping point 
can be defined and relia-
bly moved. Figure 1 
shows a car body con-
struction fixture with 
eight clamping points and 
red highlighted shims. 
Figure 1. Car body fixture with eight 
clamps; detail shows clamp with red 
lighted possibilities for shims [5] 
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1.2. Automation of the shimming process 
The necessity and frequency of shimming are dependent on 
many factors, for example as the type of assembly to be 
joined, the production resources used and, in this case in par-
ticular, the fixture, the quality of the input components, the 
car body construction process control and also the quality 
requirements to be fulfilled by the joined assemblies. Howev-
er, generally speaking it can be said that the shim frequency is 
much higher during plant start-up than during the ongoing 
process. 
Therefore to automate the shim process would impact plant 
start-up first and foremost. In particular this would involve a 
reduced length of time within which reliable components are 
produced to a sufficient quality, and ultimately a reduction of 
the plant start-up time as well. However, in the case of partic-
ularly shim-intensive assembly tasks, there is also potential to 
conserve resources during ongoing series production. Here the 
two-part nature of shimming offers the possibility of introduc-
ing the two elements of shimming into a real production pro-
cess separately from one another, thus reducing the risks in-
volved.  
As such, there already exist solutions for the mechanisation 
of the shim realisation, as shown in [5]. Here systems that 
shift the clamping points by the desired shim dimension using 
actuators are shown. Systems such as this can adjust the shim 
dimension of a clamping point much more quickly than per-
formed manually by the operator. Furthermore, all clamping 
points on the fixture can be adjusted simultaneously. Thus a 
basis has been established whereby shimming action can be 
quickly implemented during ongoing production. 
For the automation of the second element, the shim dimen-
sion determination, a calculation method for the shim dimen-
sion was suggested at the 5th CIRP CATS in [6], which calcu-
lates the shim dimensions for all of the fixture's clamping 
points within times of under one second, on the basis of the 
deformation-energy status of an assembly station's input com-
ponents - even in complex, over-determined clamping situa-
tions. This procedure is referred to as Force-controlled 
shimming. The advantages of this procedure include the fact 
that the shim calculation takes place prior to joining and it is 
thus possible to react immediately to quality-related irregu-
larities. It also does away with subjective operator influence. 
The system works independently of the operator experience. 
Automatic shim dimension determination is presented in 
[6] as a theoretical model. In the interim, the equations for the 
shim calculation have undergone further development. The 
reliability of the assumptions made has also been verified in a 
study and the effectiveness of the approach proven. The study 
is described in greater detail in Section 3 of this paper. Other 
articles on the subject have also been published. These are 
addressed in Section 2. 
2. Situation as of 2014 – State-of-the-art 
2.1. Current approaches to the subject 
The fact that the automation of shimming is presently a 
relevant topic is evident in the articles being published. At this 
point two publications are shown in particular that describe 
methods for automatic shim calculation, and which have been 
published in the time since [6]. 
The first is Metamodel-based shim calculation according 
to [7]. The approach presented here uses the Finite Element 
Method. Here the assemblies to be joined in the fixture during 
the joining process are simulated. Through so-called sensitivi-
ty analyses, these simulations are performed with the fixture 
set to varying shim statuses. The results of these sensitivity 
analyses are recorded in the form of metamodels. The meta-
models can then be very quickly calculated within the pro-
cess. Should geometric deviations occur in the joined assem-
blies during manufacturing, the effects of shimming actions 
on the existing tolerance situation can be determined using the 
metamodels, and in this way a suitable shimming measure can 
be found. 
The second approach to be mentioned here is shown in [8]. 
It presents a positioning dimension calculation method re-
ferred to as Virtual measurement data analysis (VMDA). It 
uses computer-aided tolerancing tools. VDMA also works 
with the measurement data of the already joined assemblies. 
Here the data is statistically analysed. So too in the case of 
VMDA, various shimming actions are virtually studied with 
regard to their effectiveness. What's more, this method offers 
the possibility of predicting the results of actions in the press 
plant, or actions regarding the assembly geometry, yourself. 
These capabilities make this system particularly well suited 
for use in the early stages of production facility commission-
ing. However, this aspect will not be considered further here. 
2.2. Discussion and delimitation regarding the alternative 
approaches 
Both of the named approaches and the approach according 
to [6] share the common objective of calculating shimming 
actions with a view to producing assemblies within the re-
quired tolerance limits. However, all three approaches differ 
considerably in terms of the respective procedures. An as-
sessment of the three approaches can be performed from sev-
eral different perspectives. Depending on the weighting of the 
criteria, all three approaches are without doubt significant in 
their own way. The main criteria that should be mentioned are 
the costs of such a system, the effort required prior to and 
during the process and the stability and reliability of the shim 
calculations. Because the processes are still in development, 
some criteria cannot yet be definitively evaluated. 
One important characteristic of both approaches according 
to [7] and [8], which has already been established, is that the 
shimming actions are determined on the basis of the generated 
geometries on the joined assemblies. This corresponds to the 
quality control loop as is used today. This quality control loop 
is shown in figure 2.  
 
 
Figure 2: Conventional control loop, as used in both approaches acc. [7], [8] 
The control time from the joining of the sample to the po-
tentially necessary implementation of the shimming measure  
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may take several hours. Because in series production manu-
facturing continues during this period, there is the risk that 
scrap will be produced. For this reason the input components 
are often tightly toleranced in order to avoid scrap in these 
situations. 
The approach in [6] differs in this regard. Here the defor-
mation-energy status of the input components is taken as the 
basis for the shim calculation. This procedure does away with 
the conventional quality control loop. This brings the ad-
vantage that the shim dimension is already determined prior to 
joining. In this way it is possible to react immediately to fluc-
tuations in the quality of the input components. Provided there 
is stable process control in car body construction, a more 
stable level of quality can be achieved in the assemblies. Fig-
ure 3 shows the placement of the shim calculation within the 
car body construction process. 
 
 
Figure 3: Shim calculation according to [6] 
Another relevant characteristic, which can already be accu-
rately estimated at this stage, is the speed of the positioning 
dimension calculation. [8] states with regard to the VMDA 
that this requires approximately one shift. This makes it the 
slowest of the three procedures. The pure calculation of the 
shimming measures is much quicker in the cases of the proce-
dures according to [7] and [6]. Provided there is appropriate 
computer capacity, the Metamodel-based shim calculation is 
performed within times ranging from seconds, to a few 
minutes. Force-controlled shimming is calculated within times 
of under one second. For the use of an automated shim calcu-
lation in conjunction with fast shim actuators, as a system that 
performs shimming actions in cycle time, force-controlled 
shimming is therefore the most suitable method. 
3. Verification of Force-controlled shimming 
3.1. Case study: window frame reinforcement installation 
The wide range of car body designs currently used, as well 
as the manufacturer-specific features during the manufactur-
ing of car bodies, make a global verification of the equations 
for all conceivable assembly situations within the scope of car 
body construction impossible. Therefore a study will be con-
ducted using a chosen car body assembly. To this end a chal-
lenging assembly task was selected in order to test the effec-
tiveness of the calculation. 
For this reason, the installation of the window frame rein-
forcement into the inside door panel of the driver door of a 
compact car body with a steel construction was selected. Fig-
ure 4 shows the two join partners, on the left. The compact 
class is an important vehicle class within Europe. In addition 
to this, in comparison to other vehicle classes, compact vehi-
cles have a body with average dimensions. With a market 
share of over 90%, steel is the most important material within 
the car body construction industry [9]. 
The installation of the window frame reinforcement into 
the inside door panel is therefore to be considered a challeng-
ing task, as the pairing of the two joining partners already 
entails a multi-axis form closure. Figure 4 depicts this through 
the use of symbols, on the right. Thus, geometric variations in 
the individual parts have 
a direct effect, in the 
form of the tensioning 
of the assembly. Here 
adherence to the assem-
bly tolerances is crucial 
to adherence to the door 
gap dimension, and 
furthermore to the func-
tion and impermeability 
of the door seal and the window seal. Furthermore, according 
to the effects analysis according to [10], the window frame 
reinforcement is important with regard to the assembly quali-
ty.  
3.2. Shim calculation based on force-controlled shimming 
In this section, the equations deduced in [6] are to be stated 
once again in summary form. The basis for the shim calcula-
tion are the findings regarding the rigidities of the unjointed 
assemblies ܿଵ  and the joined assemblies ܿଶ  at each clamping 
point. Furthermore, knowledge of the interactions ݓ௠௡ (force 
effect at the clamping point, caused by the other respective 
clamping point) between the individual clamping points is 
required. This parameter must be calculated empirically or 
mathematically prior to the use of the system.  
In terms of hardware, the system consists of the fixture, 
which, in contrast to the clamping systems used today, is 
equipped with a force sensor at each clamping point. [11] has 
already worked on force sensor-based fixtures for car body 
construction in 1997. If components that have a geometry that 
deviates from the fixing position are inserted into the fixture, 
due to their rigidity these components exert a force effect 
ܨ௠௘௦௡ (measured force effect at the clamping point n) on the 
clamping points, as soon as the clamps are closed and the 
joining partner is thus held securely in the fixing position. The 
purpose of the force sensors is to measure these force effects. 
Based on the knowledge of these force effects and the exact 
clamping point position during the force measurement, the 
deformation-energy status of the still unjointed assembly can 
be determined.  
 
ܧ ൌ ܨ ή ݏሾܬ ൌ ܰ ή ݉ሿ             (1) 
 
Figure 5 shows the basic structure of this system. 
 
Figure 5: Fixture with force sensors at each clamping point                      
and shim actuators (symbolised by blue cylinders) 
The use of the equations shown requires the strictly linear-
elastic behaviour of the clamped components. [12,13,14] also 
define the shimming component behaviour as linear-elastic. 
Figure 4: Installation of the window 
frame reinforcement (red) into the 
inside door panel (blue) 
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This differentiates shimming from straightening. This also 
means that the permitted deformations of the input compo-
nents at this point are limited. 
If the parameters are determined and the deformation ener-
gy statuses of the clamped joining partners are measured, 
these values are then used for each clamping point in equa-
tion (2) respectively, and the positioning dimension ܵ is thus 
calculated for the individual clamping point. In addition to the 
equations deduced in [6], equation (2) is supplemented with 
the correction factor . This enables the positioning dimen-
sion to have influence. Thus, for example, effects that only 
occur after the force sensor-based measurement of the un-
joined assembly can be taken into consideration. Here we are 
referring primarily to the joining influence. 
 
 ൌ  ή ୊భାୡమήୱయିୡభήୱరୡమିୡభ              (2)  
  
In so doing, the force values ܨଵ are calculated according to 
the following equation (3). 
 
۴ܕ܍ܛ૚ሬሬሬሬሬሬሬሬሬሬሬԦ ൌ ۴૚ሬሬሬሬԦ ൅ ۴૛ሬሬሬሬԦ ή ܟ૚૛ሬሬሬሬሬሬሬԦ ൅ ڮ൅۴ܖሬሬሬሬԦ ή ܟ૚ܖሬሬሬሬሬሬሬԦ
۴ܕ܍ܛ૛ሬሬሬሬሬሬሬሬሬሬሬԦ ൌ ۴૚ሬሬሬሬԦ ή ܟ૛૚ሬሬሬሬሬሬሬԦ ൅ ۴૛ሬሬሬሬԦ ൅ ڮ൅۴ܖሬሬሬሬԦ ή ܟ૛ܖሬሬሬሬሬሬሬԦ
ǥ
۴ܕ܍ܛܖሬሬሬሬሬሬሬሬሬሬሬԦ ൌ ۴૚ሬሬሬሬԦ ή ܟܖ૚ሬሬሬሬሬሬሬԦ ൅ ۴૛ሬሬሬሬԦ ή ܟܖ૛ሬሬሬሬሬሬሬԦ ൅ ڮ൅۴ܖሬሬሬሬԦ
           (3) 
3.3. Procedure and experimental set-up 
For the experimental study of Force-controlled shimming, 
the set-up of a force sensor-based fixture is first required. For 
the lab studies this is not required to satisfy the requirements 
of actual car body construction for the time being. Instead, 
what is required is that the force sensors are sensitive as pos-
sible in order to be able to study the occurring effects in the 
greatest possible detail. 
First of all the maximum forces to be expected in the trial 
were estimated. The measuring elements could then be de-
signed. The goal was to create as soft a construction as possi-
ble in order to make the force measurement as sensitive as 
possible. As such, one measuring element was made from 
aluminium, as shown in figure 6. The measuring elements 
were applied with six strain gauges, which are connected to a 
Wheatstone's meter bridge as a means of shear force compen-
sation. Thus the force effect in the clamping direction, that is, 
perpendicular to the component surface, can be measured at 
the clamping point. In the test this produced a measurement 
accuracy of 0.03N. 
 
Figure 6: Measuring elements for the force sensor-based test fixture 
With the force sensor-based test fixture, the rigidities and 
interactions between the clamping points are determined by 
means of technical measurements. In addition to this, the 
assembly to be measured is clamped and in each case an indi-
vidual clamp is shimmed gradually. In so doing, the force 
effect at each clamping point is documented.  
Following these rigidity measurements, the actual shim-
ming experiments take place. To this end, the joining partners 
are individually measured prior to the test. Here an optical 
measuring procedure with a measurement accuracy of 0.013 
mm is used. With this a number of predefined measuring 
points are documented. The joining partners are then clamped 
in the test fixture and measured using force sensors. Here it is 
essential that the nominal weight forces at each clamping 
point are known and deducted from the measurement value. 
The nominal weight forces are the forces that an ideal CAD 
assembly would exert on the clamping points. With the meas-
ured force values, the shim dimension is calculated using the 
equations to be verified and then configured on the test fix-
ture. 
The joining partners pre-tensioned in this way are then 
joined to assemblies. To this end, as a typical joining technol-
ogy in car body construction, robot-guided resistance spot-
welding is used. The joined assemblies are then removed from 
the fixture and measured once again using the optical measur-
ing system. Therefore the same measurement points are used 
as in the measurement before joining. An assessment can now 
be carried out with regard to how well the test assemblies 
reproduce the desired geometry. 
For each test series, a corresponding test series is per-
formed whereby the fixture is not shimmed. The comparison 
of shimmed and unshimmed assemblies shows whether an 
improvement in quality can or cannot be achieved with the 
calculated shim dimensions. For this the maximum deviation 
of each test series is compared between unshimmed and 
shimmed assemblies. 
In addition the quotient from the deviation of the samples 
after and before joining is calculated for each test assembly. 
The comparison of these quotients enables statements to be 
made regardless of the deformation of the individual parts. It 
is thus ensured that test series that were by chance conducted 
with highly deformed individual parts are comparable with 
test series that incidentally involved the use of less distinctly 
deformed components. Is quotient of post and pre deviation 
one, the jointed assembly has the same deviation as the single 
components before joining. The lower the quotient below 
zero, the lower the assemblies’ deviation compared to the 
components deviation. In case of the shim experiments, this 
means that the shim action was successful. 
3.4. Preliminary experiments with simple geometries 
The modular construction of the test fixture enables vari-
ous samples to be studied. The verification of the equations 
can therefore take place in stepwise fashion. Tests are initially 
studied with the simplest geometry possible. To this end, 
assemblies made from even, metal strips with dimensions of 
630mm x 30mm are used. Figure 7 shows the experimental 
construction with four clamping points, on the left. Here all 
clamping and joining points are in a row. Here an exemplary 
bending beam is used. 
The samples were acquired from semi-finished sheet metal 
parts, by means of laser cutting. The goal in the shim experi-
ments with these assemblies was an even geometry after join-
ing. In order to be able to shim in an expedient fashion, the 
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individual parts are pre-deformed prior to the tests. This is 
carried out by means of roll bending. Figure 7 shows the roll 
bending of the samples, on the right. 
 
  
Figure 7: left – “bending beam” test set-up;                                                           
right – deformation of the samples by means of roll bending 
For the bending beam experiments, five different test as-
semblies are defined. Table 1 provides an overview of this. 
Test assemblies one to three were realised with two 1 mm 
samples, whereby these represent different combinations of 
pre-deformation. In test assembly four, work was carried out 
with a 1 mm and a 2 mm single sheet. Test assembly five is 
the combination of two 1 mm sheets with a 2 mm sheet. 
Table 1: “Bending beam experiments” test assemblies 
 
 
Several test series were carried out with the five test as-
semblies. First of all, it became clear that an increase in preci-
sion is possible when the welding point positions on the bend 
line of the clamped and shimmed assemblies are adjusted. 
This was implemented in all subsequent experiments. 
Furthermore, the correction factor was varied. Figure 8 
shows the maximum deviation as well as the quotient of post 
and pre deviation with  ൌ Ͳǡͷ. 
 
Figure 8: Maximum deviation and Quotient of post and pre deviation of the 
test series with  ൌ Ͳǡͷ (grey – unshimmed reference test series;                             
blue – shimmed test series) 
The maximum deviations are reduced in every case by us-
ing the calculated shim dimensions. Also the quotient of post 
and pre deviation is improved in three of the five cases. Only 
test assembly 1 and 5 there is a minor decline but with a re-
duction of the maximum deviation at the same time. Test 
assembly 4, where the largest deviations were seen, the 
shimmed test series caused a huge improvement especially at 
the maximum deviations. Overall, it is evident that an im-
provement in quality can be achieved through the use of the 
calculated shim dimensions. 
Following the “bending beam experiments”, the complexi-
ty of the sample is increased, in that even and flat assemblies 
with dimensions of 630mm x 430mm are studied. Here an 
exemplary shape is used. Figure 9 shows, in the left section, 
the clamped test assembly with ten clamping points. The 
right-hand side shows how the deformations in the samples 
were produced by beans of roll bending. 
 
  
Figure 9: left – “Shape” test set-up;                                           
right – deformation of the samples by means of roll bending 
In the case of the “shape experiments”, three test assem-
blies were defined, all consisting of two 1 mm sheets. The test 
assemblies only differ in the combination of different bends. 
Table 2 shows the “shape experiment” test assemblies 
Table 2: “Shape experiment” test assemblies 
  
Here too, several test series with different correction fac-
tors were realised. With  ൌ Ͳǡ͹ a significant improvement in 
quality was evident in all test assemblies as a result of the use 
of the calculated positioning dimensions, in comparison to the 
unshimmed reference tests. Figure 10 shows the maximum 
deviation and the quotient of post and pre deviation in the 
comparison between the unshimmed reference tests and the 
tests with  ൌ Ͳǡ͹.  
 
Figure 10: Maximum deviation and Quotient of post and pre deviation of the 
test series with  ൌ Ͳǡ͹ (grey – unshimmed reference test series;                    
blue – shimmed test series) 
Comparing the maximum deviations and the quotient of post 
and pre deviation of the unshimmed reference assemblies with 
the shimmed assemblies shows a high degree improvement 
over all test cases.  
3.5. Checking of the equations using the window 
reinforcement frame installation 
Once the experiments have provided good results with 
simple geometries, the tests on the actual assembly will then 
continue. This step represents a further increase in complexity 
as the clamping points in this component are not parallel with 
one another. Figure 11 
shows the test assembly in 
the test fixture 
In contrast to the prelimi-
nary experiments, the sam-
ples should not be deformed 
in a targeted manner prior to 
the shim experiments. In-
stead the variations in the 
Figure 11: Test assembly in the 
test fixture 
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real series production process should form the basis of the 
studies. The goal is to manufacture the test assemblies with 
the nominal dimensions. In so doing, it is particularly interest-
ing to consider whether the sample can be manufactured from 
different press plant batches with consistent quality. 
Therefore samples are taken from the actual, on-going and 
established series production process. Samples from five dif-
ferent batches were used, spread out over a long period of 
time. 
According to the preliminary experiments five reference 
assemblies for each batch were produced without shimming. 
After this a test series of five assemblies were jointed by using 
the calculated shim dimensions. Within the scope of the tests 
with the samples from the first batch, a correction factor of 0.7 
proved to be favourable. The testing of all five batches was 
then likewise performed with this correction factor. Figure 12 
shows the maximum deviation as well as the quotient of post 
and pre deviation of all experiments with the actual assembly. 
 
Figure 12: Maximum deviation and Quotient of post and pre deviation of all 5 
test batches with  ൌ Ͳǡ͹ (grey – unshimmed reference test series;                        
blue – shimmed test series) 
In four of five batches it was possible to reduce the maxi-
mum deviations by using the calculated shim dimensions. 
Analysing the quotients of post and pre deviation of the five 
batches shows unique improvement of the overall quality. 
So first of all, the experiments results show that quality var-
iations between the individual batches can even be identified 
in the ongoing series. This can be seen in the differing quo-
tients of post and pre deviation of the unshimmed reference 
assemblies from the individual batches. The results also show 
that, in all experiments, an improvement in quality could be 
achieved through the use of the calculated shim dimensions, in 
comparison to the unshimmed reference assemblies. This can 
be achieved in spite of the quality differences between the 
samples from the various batches. Here the achievable quality 
also depends on the quality of the input components. 
4. Summary 
For the chosen mounting task, it could be shown through 
several individual partial batches that the approach according 
to [6] is suitable for the calculation of shimming actions. 
However, the experiments were conducted in the laboratory, 
on a test fixture. Verification in the car body construction 
environment, in a mass production setting, is yet to be carried 
out. This can take place gradually. It is therefore feasible that 
the conventional fixtures on modern car body production lines 
be equipped with corresponding force sensors. Then the shim 
calculation could initially serve as a suggestion for the experi-
enced plant operators. Regarding the suitability of the system, 
the shim calculation can then act as a determining authority in 
an additional step. However, the worker has the ability to 
intervene in the shimming process at any time, by means of a 
suitable interface, or to influence the shim calculation. Here 
the correction factor serves as an operator interface. Should 
the procedure progress without further interventions on the 
part of the plant operator, an autonomous system is feasible as 
a final stage of expansion. 
In this case the considerations and studies presented relate 
to use in car body construction. However, in principle, the 
system could also be used for other fixtures for shape-like 
assemblies. Thus, [15] shows a similar system for the installa-
tion of large-area fuselage components in aircraft construc-
tion. However, applications in shipbuilding or wind power 
plant construction are also feasible. 
The showcased study in this case relates to conventional 
manufacturing in the area of car body construction. By taking 
the step towards type-flexible body construction [16], this 
subject could take on further relevance. Flexible car body 
construction will require plant start-ups in parallel to ongoing 
series production. Furthermore, the quality processes in flexi-
ble fixtures will differ from those in conventional fixtures. 
Force-controlled shimming can make a contribution in this 
regard. 
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